(KS03HW154/KS03HW1) was made in the greenhouse in fall 2002. The F 1 seed was planted in the greenhouse in spring 2003 and bulk harvested. The F 2 seed was planted in a field plot under nonirrigated conditions in fall 2003. At the four-leaf stage, the F 2 field plot was sprayed with imazamox herbicide [2-(4,5-dihydro-4-methyl-4-(1-methylethyl)-5-oxo-1h-imidazol-2-yl)-5-(methoxymethyl)-3-pyridinecarboxylic acid] at a rate of 105 g a.i. ha 1 . The herbicide was applied with 0.25% (v:v) nonionic surfactant and 1.5% (v:v) urea-ammonium nitrate fertilizer (UAN 28). Plants showing tolerance or resistance to the herbicide, stripe rust (caused by Puccinia striiformis Westend.), and leaf rust (caused by Puccinia triticina Ericks.) were selected and bulk harvested. A subsample of the F 3 seed was planted in the field under nonirrigated conditions in fall 2004. In 2005, approximately 150 spikes were selected from the F 3 population based on plant height, lodging resistance, and head size. These spikes were threshed individually and planted in an F 4 head-row nursery under nonirrigated conditions in fall 2005. Head rows were subjected to selection based on winter injury, plant height, maturity, lodging, grain shattering, stripe and leaf rust resistance, test weight, and grain yield. One head row (row 100 in pass 27), which later became Clara CL, was selected for a yield test in the first preliminary yield nursery (PYN1). Six head-selections were made from that row and the remainder of the row was bulk harvested. The head-selections (reselections) were threshed individually and planted as head rows in the reselection nursery under irrigated conditions. The bulk seed (F 3:5 ) from that row was planted in the PYN1 as entry number 5067 in fall 2006.
Entry 5067 performed well in the PYN1 and one reselection row (5067-5) was selected for further testing in 2008 in the second preliminary yield nursery (PYN2). Six head-selections were made from 5067-5, and the remainder of the row was bulk harvested. The head-selections were individually threshed and planted as head rows in the reselection nursery. The bulk seed (F 4:6 ) was used for the PYN2 test and one seed-increase plot. The reselection was tested in the 2008 PYN2 as entry number 6035. Entry 6035 performed well and was selected for further testing in the advanced yield nursery (AYN) in 2009. Two reselections (-1, -2) of entry 6035 were selected for advancement. Six head-selections were made from each reselection row, and the remainder of each row was bulk harvested for seed increase (two plots for each reselection). The headselections were planted in the reselection nursery. The bulk seed (F 4:7 ) from the seed increase plot of entry 6035 was grown in 2009 AYN under the experimental line number KS08HW35.
In 2010, both reselections of KS08HW35 were advanced into Kansas Intra-State Nursery (KIN) for further testing under the experimental line names KS08HW35-1 and KS08HW35-2. Three reselection rows from each were selected for advancement. Again, six head-selections were made from each reselection row and the remainder of each row was bulk harvested. The head-selections were planted in the reselection nursery, and bulk seed (F 6:8 ) from each reselection row was planted in two seed increase plots in 2010. On the basis of the 2010 testing results, KS08HW35-1 was selected for further testing in the 2011 KIN and also in the Southern Regional Performance Nursery (SRPN). KS08HW35-1 was grown on 0.04 ha together with check cultivars Danby (PI 648010) and Tiger (PI 661995; Martin et al., 2013 ) to obtain grain samples for quality evaluation by the Wheat Quality Council (WQC). In addition, 200 head rows of KS08HW35-1 were grown for breeder seed and 1.6 ha were planted for foundation seed. In July 2011, KS08HW35-1 was released under the name of Clara CL.
Both PYN1 and PYN2 were unreplicated yield trials with an augmented design. PYN1 was grown at one location (Hays), whereas PYN2 was grown at three locations (Hays, Colby, and Publisher: AGRONOMY; Journal: JPR:Journal of Plant Registrations; Copyright: Will notify... Volume: Will notify...; Issue: Will notify...; Manuscript: JPR13-07-0040CRC; DOI: 10.3198/jpr201; PII: <txtPII> TOC Head: Registrations; Section Head: Cultivar; Article Type: REGISTRATION Garden City) in western Kansas. The AYN, KIN, and SRPN were replicated yield trials with a randomized complete block design (RCBD). The AYN and KIN are statewide yield trials, and the SRPN is a regional yield trial. All yield trials except two of the 2011 KIN trials were conducted under nonirrigated conditions. Entries in yield trials and their reselections were screened for yield, test weight, winter injury, maturity, grain shattering, lodging, polyphenol oxidase (PPO) activity, herbicide tolerance, and pest resistance, which includes stripe rust, leaf rust, Wheat streak mosaic virus (WSMV), Soil-borne mosaic virus (SBMV), and Hessian fly [(Mayetiola destructor (Say)]. Entries to be advanced were further tested for kernel characteristics (size, weight, color, and protein content), milling quality, alkaline noodle color stability, and bread baking quality in the KSU Wheat Quality Laboratory in Manhattan, KS. In 2011, the seed and end-use quality of Clara CL was also tested by the WQC. Seed purification of Clara CL started in 2007 by visual identification and manual removal of off-types from seed increase plots. Additionally, the field growing for breeder seed and foundation seed was treated with imazamox herbicide for purification.
To meet the qualifications to be a Clearfield wheat variety, Clara CL was tested in six Clearfield Wheat Qualification trials in Kansas and Colorado in 2010 and 2011. Trials were conducted using a factorial arrangement with variety and herbicide rate (no herbicide, 1× label rate, and 2× label rate) as two factors. Each trial was laid out in a RCBD with three replicates.
Data were analyzed using SAS 9.1 (SAS Institute, Cary, NC). Grain yield and agronomic traits from AYN, KIN, and SRPN trials were subjected to analysis of variance across locations within years, and combined analysis across year-locations. For KIN trials, data from western Kansas locations and eastern Kansas locations were analyzed separately; only results from western Kansas are reported in this paper. The combined analysis only included the common entries across year-locations. A mixed model was used in the analysis with genotypes as fixed effects, and years, or year-locations, and replications as random effects. An F-protected LSD test ( = 0.05) was used to compare the least square means for genotype effects. Clearfield Wheat Qualification trials were analyzed separately for each trial. In the KIN trial, grain from the four replications was bulked for seed and end-use quality evaluation. Therefore, analysis for the KIN quality data was conducted using location × genotype as experimental error. The WQC quality data was analyzed with the Student's paired t test because the grain sample was tested by multiple cooperators.
CHARACTERISTICS Agronomic and Botanical Description
Clara CL is an awned, white chaffed, and white-seeded wheat variety. It has a medium late maturity (13.8 d to heading from 1 May; Table 1 ), which is similar to that of Danby and Tiger, and 1 to 3 d later (p < 0.05) than that of 'Hatcher' (PI 638512; Haley et al., 2005) and 'Armour'. Clara CL is medium tall (87.8 cm), which is similar to that of Danby and Hatcher (87.4 cm), and 9 to 10 cm taller (p < 0.05) than that of Tiger (78.7 cm) and Armour (77.7 cm). Clara CL has good preharvest sprouting tolerance (17.8% sprouted on the eighth day of the germination test), which is not significantly different from that of Hatcher (22.6%), Armour (16.2%), and Danby (12.3%). No objective data are available for the straw strength and winter hardiness of Clara CL, Clara CL has a prostrate juvenile growth habit. Its coleoptile, stem, and auricle lack anthocyanin. The plants are green at the boot stage and have a waxy bloom. The flag leaves are erect, not twisted, and waxy while stems are hollow and hairless. Clara CL has erect peduncles with a length of about 25 cm. The heads are tapered, mid-dense, and inclined at maturity. Its glumes lack pubescence and are medium sized with square shoulders and medium-width acuminate beaks. The kernels are ovate and have medium sized germs, angular shaped cheeks, medium wide and medium deep creases, and medium long and noncollared brushes. Clara CL has been observed for over six generations (F 4 to F 9 ) from 2006 to 2011. It has been uniform and stable during the last two generations. Clara CL remains essentially unchanged in its primary and distinctive characteristics following sexual reproduction. Observed variants include slightly taller plants (<0.1%), plants with brown glumes (<0.1%), and plants with red kernels (<0.5%). However, these variants are commercially acceptable.
Field Performance
In the 2010 KIN, Clara CL was tested in seven dryland trials across western Kansas and six of them were harvested. In the 2011 KIN, Clara CL was tested in five trials (four dryland and one irrigated) in western Kansas and all of them were harvested. In both years, Clara CL was the highest yielding line among the lines tested (data not shown). In the combined analysis across the ten dryland trials in western Kansas in 2 yr, the average yield of Clara CL (4839 kg In two of the six Clearfield Wheat Qualification trials, Clara CL showed some crop injury after the herbicide application. However, the degree of injury on Clara CL was comparable to that of the Clearfield check cultivar Above (PI 631449; Haley et al., 2003) (data not shown). In addition, herbicide application did not cause adverse effects on flowering date, test weight, and grain yield in all the six trials (data not shown). Therefore, Clara CL meets the qualification standards as a Clearfield wheat variety.
SEED AVAILABILITY
Clara CL contains a patented herbicide tolerance trait owned by BASF Corporation that confers tolerance to imidazolinone herbicides, such as imazamox. Any use of Clara CL requires a Material Transfer Agreement (for research use only) or a Commercial License to the trait, as well as permission from the originator (KSU). The KSU ARCH will maintain the breeder seed of Clara CL. Multiplication and distribution rights of other classes of certified seed have been transferred from KSU to the Kansas Wheat Alliance (1990 Kimball Ave., Manhattan, KS 66502). Clara CL has been submitted for US Plant Variety Protection (PVP). Foundation, registered, and certified seed of Clara CL are protected under the PVP Act. A seed sample has been deposited with the National Plant Germplasm System (NPGS), where it will be available for distribution by the NPGS 20 years after the date of publication. For seed requests of Clara CL, contact the corresponding author, who will forward the requests to BASF Corporation. No seed will be distributed without written permission from both BASF Corporation and the originator (KSU).
